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1) A number of organic substances including in medicines, natural products, modern functional materials, ligands for catalysts, and so on, contain the pyridine unit. We have been interested in chiral compounds having a pyridine unit. Recently, we have reported the preparation of enantiomerically pure 1-(2-pyridinyl)ethanols, 2, 3) and their stereospecific substitution reactions with N-, S-, and Onucleophiles, [4] [5] [6] [7] in which new enantiomerically pure pyridine derivatives having a tertiary chiral carbon center a to the pyridine ring have been synthesized (Chart 1). In this note, we report the substitution reaction of 1-(2-pyridinyl)-ethyl methanesulfonate with b-dicarbonyl compounds as a new C-nucleophile, and describe the synthesis of some new chiral pyridine derivatives.
The sodium salt of dimethyl malonate generated with NaH in tetrahydrofuran (THF) was reacted with the enantiomerically pure (R)-1-(2-pyridinyl)ethyl methanesulfonate (R)-2 8) in dimethyl sulfoxide (DMSO). The substitution reaction was completed within 2 h at 60°C, and the dimethyl [1-(2-pyridinyl)ethyl]malonate (3a) possessing an (R)-chiral center was exclusively obtained in 82% yield (Chart 2). The enantiomeric purity was determined to be over 99% by chiral HPLC analysis using a chiral column.
The results with other b-dicarbonyl compounds are shown in Chart 3 and Table 1 . Diethyl malonate and dimethyl methylmalonate were also alkylated with (R)-2 to give 3b and 3c in 75 and 79% yields, respectively (entries 2, 3). However, the reaction with methyl acetoacetate gave 3d as an 8 : 5 diastereomeric mixture in 54% yield along with the Oalkylated product 4d in 10% yield (entry 4). The reaction of ethyl 2-methyl-3-oxo-butanoate gave the C-alkylation product 3e in 42% yield and the O-alkylation product 4e in 14% yield (entry 5). Although acetylacetone afforded an unseparable mixture of 3f and 4f in a 60% combined yield, cyclohexan-1,3-dione gave only the O-alkylated product 4g in 40% yield.
Although the absolute stereochemistry has not yet been determined, 9) the substitutions can be assumed to occur with an inversion of the configuration based on the previous results for the substitution reactions with the N-, S-, and O-nucleophiles, and no exception has ever been observed in these series of the reactions.
4-7)
The substitution reaction with other C-nucleophiles were over reactive and did not provide the corresponding substituted product. For example, the reaction with a ketone enolate, Grignard reagent, and lithium acetylide gave complex mixtures. Only that with lithium phenylacetylide gave an allenic product 5 in 32% yield, 10) though none of the simple The alkylated product can further develop the synthesis of new chiral pyridines. For example, the hydrolysis of 3d and successive decarbonylation in refluxing aq. HCl solution gave the chiral ketone 6 in 89% yield in an enantiomerically pure form.
On the other hand, the alkylation of 6 with benzyl bromide gave a mixture of C-and O-benzylated products. The reaction of the sodium salt of 3d with benzyl bromide gave 7 in 32% yield as a mixture of diasteroisomers and 8 in 20% yield. The same benzylation reaction under phase transfer conditions gave 7 in 62% yield and 8 in 18% yield. However, the poor diastereofacial selectivity of the chiral enoate could be observed and a diastereomeric mixture of the benzylated products 7 was obtained as an almost equal ratio in both reactions (Chart 6).
In conclusion, several new pyridine derivatives were synthesized in an enantiomerically pure form by the stereospecific substitution reaction of the enantiomerically pure 1-(2-pyridinyl)ethyl methanesulfonate with b-dicarbonyl compounds.
Experimental
Melting points were taken on a Yanako MP-3 melting point apparatus and are not corrected.
1 H-and 13 C-NMR were recorded on a JEOL LA-300 spectrometer (300 MHz for 1 H-NMR and 75 MHz for 13 C-NMR) in CDCl 3 with tetramethylsilane as an internal standard. Mass spectra were obtained on JASCO JMS-GC-mate (electron ionization (EI)) and JMS-SX 102A QQ (FAB and (chemical ionization (CI)) instruments. IR spectra were recorded on a JASCO FT/IR-410 instruments. Optical rotations were measured on a JASCO DIP-360 instrument. All air-or moisture-sensitive reactions were carried out in flame-dried glassware under an Ar atmosphere. THF was distilled freshly over sodium/benzophenone ketyl under a nitrogen atmosphere. DMSO was dried over CaH 2 and distilled before use. Thin layer chromatography (TLC) was performed with Merck 60F 254 precoated silica gel plates. Flash chromatography was carried out using Merck Silica gel 60 (230-400 mesh).
Substitution Reaction of 2 with b b-Dicarbonyl Compounds To a suspension of NaH (72 mg, 3.0 mmol) in THF (6.0 ml) was added the corresponding b-dicarbonyl compounds (3) (3.22 mmol) at 0°C. After the hydrogen was ceased at room temperature, the mixture was added to a solution of 1-(2-pyridinyl)ethyl methanesulfonate (1.0 mmol) in DMSO (4.0 ml). The reaction mixture was warmed to 60°C and stirred until the reaction was completed (see Table) . After cooling, EtOAc and water were added. The organic phase was taken and the aqueous phase was extracted with EtOAc. The combined organic extracts were washed with water and brine, and dried over MgSO 4 . After the solvent was removed, the residue was purified by flash column chromatography on silica gel (eluent; EtOAc in hexane solution) to give the corresponding C-or O-alkylated products. Reaction of Phenylacetylene To the mesylate (0.5 mmol) dissolved in DMSO (2 ml) was added a solution of lithium salt of phenylacetylene, generated from phenylacetylene (162 mg, 1.59 mmol, in 3 ml THF solution) and n-butyl lithium (1.49 mmol, 0.96 ml in 1.55 M hexane solution) at rt. It was stirred for 1 h at the same temperature, and quenched with water. The mixture was extracted with 40% EtOAc in hexane, washed with water and brine, and dried over MgSO 4 . The solvent was removed and the residue was purified by flash chromatography on silica gel eluted with 10% EtOAc in hexane to give 1-methyl-3-phenyl-1-(2-pyridinyl)allene (5) Demethoxycarbonylation of 3d A 50% aqueous sulfuric acid solution (4 ml) of 3d (11 mg) was refluxed for 15 h. After cooling, an excess of aq. NaHCO 3 was added carefully and the solution was made basic. The mixture was extracted with EtOAc, and the extract was washed with waster and brine, and dried over MgSO 4 . After the solvent was removed, the residue was purified by flash chromatography on silica gel eluted with 30% EtOAc in hexane to give (R)-4-(2-pyridinyl)pentane-2-one (6) Benzylation of 3d Method A: To a stirred THF solution (4.4 ml) of sodium salt of 3d prepared from (100 mg, 0.46 mmol) and NaH (0.5 mmol, 1.1 eq) was added benzyl bromide (386 mg, 2.26 mmol) at 0°C. The mixture was warmed up to room temperature and stirred for 30 min. Then, DMSO (4.4 ml) was added and the mixture was stirred for 9 h at room temperature. Water was added to the mixture and it was extracted with 30% EtOAc in hexane. The extract was washed with water and brine, and dried over MgSO 4 . The crude oil was purified by silica gel flash chromatography. Elution with 15% EtOAc in hexane gave one of the diasteroisomers of 7 in 15% yield, that of 20% EtOAc gave 8 in 20% yield, and that of 30% EtOAc gave another polar diasteroisomer 7 in 17% yield.
Method B: A methylene chloride solution (0.72 ml) of 3d (100 mg, 0.46 mmol), benzyl bromide (386 mg, 2.26 mmol), and Bu 4 NHSO 4 (168 mg, 0.5 mmol), and a 5% aq. NaOH solution (0.72 ml) were stirred vigorously for 1 h at room temperature. The organic layer was separated and the aqueous layer was re-extracted with methylene chloride. The combined extracts were washed with water and brine, and dried over MgSO 4 . The crude products were purified by the same procedure described above, giving less polar compound 7 in 26% yield, compound 8 in 18% yield and polar compound 7 in 36% yield, respectively. 
